
Abstract: A recent theoretical study indicates that a chiral magnetic wave at finite baryon density could induce an electric quadrupole moment in the quark-
gluon plasma produced in ultra-relativistic heavy ion collisions. The quadrupole deformation will lead to a difference in azimuthal anisotropy, v2, between positive and 
negative pions. The magnitude of the difference is expected to be proportional to the system charge asymmetry A± = (N+ - N-)/(N+ + N-). 

In this poster, we present a STAR measurement of v2 difference between charged pions in Au + Au collisions at √sNN = 200, 62.4, 39, 27 and 19.6 GeV. The pT 
integrated v2 of π+ (π-) decreases (increases) linearly with increasing A±. The v2 difference between π+ and π- is found proportional to A±. The centrality dependence of 
the slope parameters has the similar trend as predicted. 

Motivation 

while                                         is Net Charge Asymmetry and the 
slope                    reflects the effect of the quadrupole moment, 
which will be our observable [1, 2]. 

•  CME and CSE make a Chiral Magnetic Wave (CMW). 
•  CMW can form an electrical quadrupole moment and lead to more 

positive charge near the poles and more negative charge near the 
equator.  

•  Different azimuthal anisotropy, v2, of pions should be observed. 
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Results Summary Analysis Strategy 

The existence of the background magnetic field is illustrated in figure 6.2. The

Figure 6.2: A non-central heavy-ion collision showing the magnetic field

green grid represents the reaction plane. The oval orange/red zone represents the

collision participants while the blue partial spheres represent the spectators. The

spectators are highly charged and are moving at speeds close to that of light.

For a mid-central collision with the impact parameter b ∼ .8 times the radius

of the Gold nucleus, each blue partial sphere will contain on average half of

the Gold nucleus’ charge, +39.5e. They clearly constitute an ordinary electro-

magnetic current. This would of course produce a magnetic field at the center of

the collision region which is perpendicular to the current. As one travels away

from the center transverse components to the field will appear. All transverse

components are ignored in this analysis. The B field in the entire interaction

region is taken to be that at the center of the collision and is given by the black

arrow. The magnetic field of both spectator nuclei interfere constructively. The

participant region also contributes to the magnetic field as it is charged and

contains orbital angular momentum as well.
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•  Relativistic heavy-ion collisions create hot and dense 
matter, i.e. Quark-Gluon Plasma (QGP), in the 
reaction region. 

•  Extremely strong magnetic fields are induced by the 
spectators. 

•  With the present of QCP and external magnetic field 
B, the axial anomaly induces two phenomena 
Chiral Magnetic Effect (CME): 
 
 
 
Chiral Separation Effect (CSE):  
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Dataset 

STAR Detector 

√sNN 
(GeV) 

Events 

200 238M 

62.4 63M 

39 104M 

27 46M 

19.6 23M 

Time Projection Chamber 
•  Full azimuthal angle 

coverage 
•  Identifies particle by 

ionization energy loss  

Net Charge Asymmetry 
•  charged particles 
•  |η| < 1.0  
•  0.15 < pT < 12 GeV/c 
•  exclude          , pT < 0.4 GeV/c 
 
Select π+/π− 
•  TPC particle identification 
•  DCA < 1.0 cm 
•  0.15 < pT < 0.5 GeV/c 
 
Methods of v2 estimation 
•  Q-cumulants [2], two-particle 

correlation 
•  η-sub event method 
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v2 vs. observed A± 
•  Reconstruct v2 of  
π+ and π− as  a 
function of 
observed A± 

Extract slope 
•  Take the v2 

difference between 
π+ and π− 

•  Correct observed     
A± by applying 
tracking efficiency 

•  Fit Δv2 vs. A± with a 
straight line to get 
the slope r 

•  Slope parameters r is measured for different 
centralities at √sNN = 200, 62.4, 39, 27 and 19.6 GeV. 

•  Slope parameter r shows a similar trend as the 
recent CMW calculations using MC Glauber Model 
as input [2]. 

 
•  The negative slopes beyond statistical fluctuations in 

the most central and most peripheral centrality bins 
are under investigation. 

•  The difference between v2(π-) and v2 (π+) 
shows a linear dependency on net charge 
asymmetry in Au + Au collisions at √sNN = 
200, 62.4, 39, 27 and 19.6 GeV. 

•  As a function of collision centrality, the 
slope parameter r shows a raise and fall 
from central to peripheral collisions. 

•  The above observations are consistent with 
the recent CMW calculations using MC 
Glauber Model as input [2]. 

 

•  At √sNN = 200 GeV, the UrQMD model 
calculations, without CMW effect, can not 
reproduce the centrality dependency of the 
slope parameter. 
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